Background: The persistent gap between research and practice compromises the impact of multi-level and multi-strategy community health interventions. Part of the problem is a limited understanding of how and why interventions produce change in population health outcomes. Systematic investigation of these intervention processes across studies requires sufficient reporting about interventions. Guided by a set of best processes related to the design, implementation, and evaluation of community health interventions, this article presents preliminary findings of intervention reporting in the published literature using community heart health exemplars as case examples.
Background
Scholars commonly acknowledge inconsistent and sparse reporting about the design and implementation of complex interventions within the published literature [1] [2] [3] . Complex interventions (also referred to as multiple interventions) deliberately apply coordinated and interconnected intervention strategies, which are targeted at multiple levels of a system [4] . Variable and limited reporting of complex interventions compromises the ability to answer questions about how and why interventions work through systematic assessment across multiple studies [3] . In turn, limited evidence-based guidance is available to inform the efforts of those responsible for the design and implementation of interventions, and the gap remains between research and practice.
The momentum within the last five years to identify promising practices in many fields [5] [6] [7] increases the urgency and relevance of understanding how and why interventions work. However, complex community health programs involve a set of highly complex processes [8] [9] [10] . It has been argued that much of the research on these programs has treated the complex interactions among intervention elements and between intervention components and the external context as a 'black box' [4, [11] [12] [13] [14] . Of particular relevance to these programs are failures to either describe or take into account community involvement in the design stages of an intervention [8] ; the dynamic, pervasive, and historical influences of inner and outer implementation contexts [12, [14] [15] [16] [17] ; or pathways for change [13, 14] . A comprehensive set of propositions to guide the extraction of evidence relevant to the planning, implementation, and evaluation of complex community health programs is missing.
Our research team was interested in applying a set of propositions that arose out of a multiple intervention framework to examine reports on community health interventions [4] . To this end, we present a set of propositions that reflects best practices for intervention design, implementation, and evaluation for multiple interventions in community health, and we conduct a preliminary assessment of information reported in the published literature that corresponds to the propositions.
Propositions for the design, implementation and evaluation of community health interventions
The initial sources for propositions were primary studies and a series of systematic and integrative reviews of many large-scale multiple intervention programs in community health (e.g., in fields of tobacco control, heart health, injury prevention, HIV/AIDS, workplace health) [8, 10, [18] [19] [20] [21] [22] [23] [24] . By multiple interventions, we mean multi-level and multi-strategy interventions [4] . Common to many of these were notable failures of well-designed research studies to achieve expected outcomes. Authors of these reviews have elaborated reasons why some multiple intervention programs may not have had their intended impact. Insights for propositions include researchers' reflections on the failure of their multiple intervention effectiveness studies to yield hypothesized outcomes, and reviews of community trials elaborating reasons why some multiple interventions programs have not demonstrated their intended impact [8, 10, 22, 23, 25, 26] . The predominant and recurring reasons for multiple intervention research failures are addressed in the initial set of propositions for how and why interventions contribute to positive outcomes.
The propositions arise from and are organized within a multiple interventions program framework (see Figure 1 and Table 1 ). The framework is based on social ecological principles and supported by theoretical and empirical literature describing the design, implementation, and evaluation of multiple intervention programs [8] [9] [10] [18] [19] [20] [21] [25] [26] [27] [28] [29] . The framework has four main elements, and several processes within these elements. The propositions address some of the common reasons reported to explain failures in multiple intervention research.
Methods
The preliminary assessment involved three main steps: selection of a sample of multiple intervention projects and publications, development of a data extraction tool, and data extraction from the publications.
Selection of a sample of multiple intervention projects and publications A first set of criteria was established to guide the selection of a pool of community-based multi-strategy and multilevel programs to use as case examples. The intent was not to be exhaustive, but to identify a set of programs that address a particular health issue that we anticipated might report details relevant to the propositions. The team decided reporting of such intervention features would most likely be represented in: a community-based primary prevention intervention program; a program that was well-resourced and evaluated, and thus represented a favorable opportunity for a pool of publications that potentially reported key intervention processes; and, a health issue that had been tackled using multiple intervention programs for a prolonged period, thus providing the maturation of ideas in the field.
In the last 30 years, community-based cardiovascular disease prevention programs have been conducted worldwide and their results have been abundantly published. The first pioneer community-based heart health program was the North Karelia Project in Finland, launched in 1971 [30] . Subsequent pioneering efforts included research and demonstration projects in the United States and Europe that included the Minnesota Heart Health Program, and Heartbeat Wales [9, 31, 32] . Although specific interventions varied across these projects, the general approach was similar. Community interventions were designed to reduce major modifiable risk factors in the general population and priority subgroups, and were implemented in various community settings to reach well-defined population groups. Interventions were theoretically sound and were informed by research in diverse fields such as individual behaviour change, diffusion of innovations, and organizational and community change. Combinations of interventions employed multiple strategies (e.g., media, education, policy) and targeted multiple layers of the social ecological system (e.g., individual, social networks, organizations, communities). Many of these exemplar community heart health programs were well-resourced relative to other preventive and public health programs, including large budgets for both process and outcome evaluations. Thus, community-based cardiovascular disease program studies were chosen as the case exemplar upon which to select publications to explore whether specific features of interventions as defined by the propositions were in fact described.
To guide the selection of a pool of published literature on community-based heart health programs, a second set of criteria was established. These included: studies representative of community-based heart health programs that were designed and recognized as exemplars of multiple 
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• Creating synergy (2, 3) • Achieving adequate implementation (4, 5) • Creating enabling structures and conditions (6) intervention programs; studies deemed to be methodologically sound in an existing systematic review; and reports published in English. Selection of published articles meeting these criteria involved a two-step process. First, a search of the Effective Public Health Practice Project [33] was conducted to identify a systematic review of community-based heart health programs. The most recent found was by Dobbins and Beyers [25] . Dobbins and Beyers identified a pool of ten heart health programs deemed to be moderate or strong methodologically. From this pool, a subset of three projects was selected: the North Karelia Heart Health Project , Heartbeat Wales (1985 Wales ( -1990 , and the Minnesota Heart Health Program (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) , which were all well-resourced, extensively evaluated, and provided a pool of rigorous studies describing intervention effectiveness.
Second, a subset of primary publications identified in the Dobbins and Beyer's [25] systematic review was retrieved for each of the three programs. In total, four articles were retrieved and reviewed for the Minnesota Heart Health Program [34] [35] [36] [37] and five articles for Heartbeat Wales [38] [39] [40] [41] [42] . For Heartbeat Wales, a technical report was also used because several of the publications referred to it for descriptions of the intervention [43] . The primary studies and detailed descriptions of the project design, implementation and evaluation for the North Karelia Project were retrieved from its book compilation [30] .
Development of a data extraction tool
The team was interested in identifying the types of intervention information reported, or not reported, in the published literature that corresponded with the identified best processes in the design, delivery, and evaluation of multiple intervention programs featured in the propositions. To enhance consistency, accuracy, and completeness of this extraction, a systematic method to extract the intervention information reported in the selected research studies was used. Existing intervention extraction forms [44, 45] first were critiqued to determine their relevancy for extracting the types of intervention information corresponding to the propositions. These forms provided close-ended responses for various characteristics of interventions, but did not allow for the collection of information on the more complex intervention processes reflected in the propositions. Thus, the research team designed a 
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data extraction tool that would guide the extraction of intervention information compatible with the propositions.
To this end, an open-ended format was used to extract verbatim text from the publications. Standard definitions for the proposition were developed (see Tables 2 through 7 in the results section), informed by key sources that described pertinent terms and concepts (e.g., sustainability, synergy) [46] [47] [48] [49] [50] [51] . In order to enhance completeness and consistency of data extraction, examples were added to the definitions following an early review of data extraction (see below).
Data extraction from the publications
Pairs from the research team were assigned to one of the three heart health projects. Information from the studies was first extracted independently, and then the pairs for each project compared results to identify any patterns of discrepancies. Throughout the process, all issues and questions related to the data extraction were synthesized by a third party. Early on, examples were added to the definitions of the propositions to increase consistency of information extracted with respect to content and level of detail. Through discussion within pairs and across the research team, consensus was reached on information pertinent to the propositions, and each pair consolidated the information onto one form for each project. The consolidated form containing the consensus decisions from each pair was then used to compare patterns across the full set of articles. All members of the research team participated in the process to identify trends and issues related to reporting on relevant intervention processes. These trends and issues are described in the next section.
Results
Results are reported for each proposition in order from one through nine, and grouped according to the themes shown in the multiple interventions program framework ( Figure 1 ). For each proposition, results are briefly described in the text. These descriptions are accompanied by a table that includes the operational definition for the proposition, findings related to reporting on the proposition, and illustrative verbatim examples from one or more of the projects.
Integrating theory (proposition one)
Information regarding the use of theories was most often presented as a list, with limited description of the complementary or unifying connections among the theories in the design of the interventions. Commonly, intervention programs projected changes at multiple socio-ecological levels, such as individual behaviour changes, in addition to macro-environmental changes. However, while theories were used for interventions targeting various levels of the system, the integration of multiple theories was generally implicit and simply reflected in the anticipated outputs. Although less common, the use of several theories was made more explicit through description of the use of a program planning tool, such as a logic model (Table 2) .
Creating synergy (propositions two and three)
General references were frequently made regarding the rationale for combining, sequencing, and staging inter- ventions as an approach to optimizing overall program effectiveness and/or sustainability. In particular, references to this were most often found in proposed explanations for shortfalls in expected outcomes. However, specific details regarding how intervention strategies were combined, sequenced, or staged across levels, as well as across sectors and jurisdictions, were usually absent. Thus, insufficient information was provided to understand potential synergies that may have arisen from coordinating interventions across sectors and jurisdictions. In contrast, more specific details were reported for the combining, sequencing, and staging of interventions within levels of the system (i.e., a series of interventions directed at the intrapersonal level) ( Table 3) .
Achieving adequate implementation (propositions four and five)
Proposition four specifically considers the quantitative aspects of implementation. Information reported ranged from general statements to specific details. Although the population subgroups targeted by the intervention were often clearly identified, information regarding the estimated reach of the intervention was generally non-specific. The amount of time for specific intervention strategies and the overall program tended to be reported in time periods such as weeks, months or years. Information regarding specific exposure times for interventions tended to be unavailable. The intensity of interventions was provided in some reports, with authors describing strategies that included the passive receipt of information, interaction, and/or environmental changes. A description of investment levels is also a marker of the intensity of an intervention strategy. However, investment descriptions were quite variable, ranging from no information to gen- 
Proposition five: Appropriate implementation
Qualitative descriptions regarding the quality of the intervention including: 1. fidelity (implementing all essential components of interventions as intended) 2. alignment with changing context (to ensure best fit); 3. implementing the most potent 'active ingredients'.
No explicit data reported regarding the quality of implementation
Descriptions regarding the quality of implementation were implicit, embedded in reporting of: 1. program features, such as priority setting or strategies undertaken to enhance quality implementation 2. explanations for problems with intervention fidelity relevant to explaining the results.
'One third (1/3) of the budget was dedicated to funding well-defined projects initiated locally that serve the objective of the program....' [38: p.17] 'Over its 20 years, the project has initiated or been otherwise involved in hundreds of training seminars. Although the nature of the seminars has changes, the focus has always been the discussion of practical tasks (derived for the objectives), action needed, and progress and feedback.' [30: p.278] 'After [the early years of the project ] it became both possible and necessary to introduce more specialized services to support the basic activities. These were prepared and tested by the project and implemented gradually'. [30: p.274] eral information on investment of human and financial resources. In addition, challenges to reporting costs and benefits were often acknowledged.
Proposition five considers the quality of implementation, represented by qualitative descriptions of the intervention. Reporting regarding the quality of the implementation was primarily implicit (Table 4) .
Creating enabling structures and conditions (proposition six)
Reporting of information relative to the deliberate creation of structures and conditions was limited and generally implicit, often embedded in the details of intervention implementation (Table 5) .
Modifying interventions during implementation (propositions seven and sight)
Although authors acknowledged the importance of flexibility in intervention delivery, information regarding adaptations to environmental circumstances was vague. Reference to context was often in discussion sections of studies, and provided as a partial explanation for unintended or unexpected outcomes. There was minimal description regarding the modification of interventions in response to information gained from process/formative evaluation, outcomes, or population trends -the core of proposition eight. Again, authors acknowledged the significance of process/formative evaluation in informing intervention implementation, with some examples to illustrate how interventions were guided in response to information gathered. At other times, in the summative evaluation, reporting focused on using process evaluation results to explain why expected outcomes were or were not achieved, rather than how the process evaluation results did or did not shape the interventions during implementation. Suggestions for improved program success, based on information gained from formative evaluations, were noted in some discussions (Table 6 ).
Facilitating sustainability (proposition nine)
Reporting on elements regarding the intention to facilitate sustainability of multiple intervention benefits was also variable. Authors made reference to the notion of sustainability at the onset of projects and described the conditions and supports that were in place to facilitate continued and extended benefits. Elements of sustainability represented in program outcomes were also described in some detail. In other examples, reporting only focused on sustainability of the program during the initial research phase of program implementation and discussed the desirability of continuing the program beyond the research phase (Table 7) .
Discussion
The primary purpose of this paper was to conduct a preliminary assessment of information reported in published literature on 'best' processes for multiple interventions in community health. It is only with this information that questions of how and why interventions work can be studied in systematic reviews and other synthesis methods (e.g., realist synthesis). The best processes were a set of 
Operational Definition Information Reported on Propositions Illustrative Examples Proposition six: Enabling structures and conditions
Descriptions of the creation of structures (infrastructure) and conditions (processes and relationships) at system levels that support the design, implementation and/or evaluation of interventions, such as : media support; incentive grants; capacity building (for providers, organizations, communities); mechanisms for monitoring, evaluation, surveillance; networks; active citizen participation; opinion leader support.
Information regarding the deliberate creation of enabling structures and conditions was embedded in descriptions of intervention implementation.
'There was great stress placed on efforts to teach practical skills for change such as smoking cessation techniques and ways of buying and cooking healthier foods. For the latter, close co-operation with the local housewives' association has been proven invaluable, Activities have been coordinated to provide social support, expand options and availability (i.e., production and marketing of healthier foods), and ultimately to organize the community to function in a healthier mode' propositions that arise from and were organized within a multiple interventions program framework. Communitybased heart health exemplars were used as case examples.
Although some information was reported for each of the nine propositions, there was considerable variability in the quantity and specificity of information provided, and in the explicit nature of this information across studies. Several possible explanations may account for the insufficient reporting of implementation information. Authors are bound by word count restrictions in journal articles, and consequently, process details such as program reach might be excluded in favour of reporting methods and outcomes [3] . Reporting practices reflect what traditionally has been viewed as important in intervention research. There is emphasis on reporting to prove the worth of interventions over reporting to improve community health interventions. This follows from the emphasis on answering questions of attribution (does a program lead to the intended outcomes?), rather than questions of adaptation (how does a dynamic program respond to changing community readiness, shifting community capacity, and policy windows that suddenly open?) [16, 52] .
An alternative explanation is that researchers are not attending to the processes identified in the propositions when they design multiple intervention programs. Fol- 'There was suggestive evidence, however, that innovative modification in format could lead to renewed interest in contests' [35: p.204] lowing these propositions requires a transdisciplinary approach to integrating theory, implementation models that allow for contextual adaptation and feedback processes, and mixed methods designs that guide the integrative analysis of quantitative and qualitative findings. These all bring into question some of the fundamental principles that have long been espoused for community health intervention research, including issues of fidelity, the use of standardized interventions, the need to adhere to predictive theory, and the importance of following underlying research paradigms. When coupled with the challenges of operationalizing a complex community health research study that is time-and resource-limited, it is perhaps not surprising that the propositions were unevenly and weakly addressed.
It would be premature to generalize these results to other programs. The three multiple intervention programs (the North Karelia Project, Heartbeat Wales, and the Minnesota Heart Health Program) selected for this study were implemented between 1971 and 1993, and represented the 'crème de la crème' of heart health programs in terms of study resources and design. In particular, the North Karelia project continues to receive considerable attention due to the impressive outcomes achieved [17] . We think it would be useful to apply the data extraction tool developed by our team to some of the more contemporary multiple intervention programs targeting chronic illness. Our findings would provide a useful basis of comparison to determine whether or not there has been an improvement over the past decade in the reporting of information that is pertinent to the propositions. Before embarking on this step, it would be helpful to have further input on the data extraction tool, particularly from those who are involved in the development of new approaches to extract data on the processes of complex interventions with the Cochrane initiative [3] .
Conclusion
Study findings suggest that limited reporting on intervention processes is a weak link in published research on multiple intervention programs in community health. Insufficient reporting prevents the systematic study of processes contributing to health outcomes across studies. In turn, this prevents the development and implementation of evidence-based practice guidelines. Based on the findings, and recognizing the preliminary status of the work, we offer two promising directions. First, it is clear that a standard tool is needed to guide systematic reporting of multiple intervention programs. Such a tool could inform both the design of such research, as well as ensure that important information is available to readers of this literature and to inform systematic analyses across studies. In addition, a research tool that describes best processes for interventions could benefit practitioners who are responsible for program design, delivery, and evaluation.
Second, the reasons for limited reporting on intervention processes need to be understood. Some issues to explore include the influence of publication policies for relevant journals, and the types of research questions and processes that are used.
It is through a more concerted effort to describe and understand the black box processes of multiple interventions programs that we will move this field of research and practice forward. It is our contention that a shift to more inclusive reporting of intervention processes would help lead to a better understanding of successful or unsuccessful features of multi-strategy and multi-level interventions, and thereby improve the potential for effective practice and outcomes.
